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(57) ABSTRACT 

There is provided an information processing apparatus 
including a display control unit that moves a display position 
of an object in accordance with movement of a contact posi 
tion when the position in a screen where the object is dis 
played is contacted and moved and a vibration control unit 
that vibrates the contact position with a vibration amount in 
accordance with a parameter amount of data associated with 

(22) Filed: Jun. 30, 2009 the object when the display position of the object moves. 
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FIG.2 
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INFORMATION PROCESSINGAPPARATUS 
AND VIBRATION CONTROL METHOD IN 
INFORMATION PROCESSINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an information pro 
cessing apparatus and a vibration control method in the infor 
mation processing apparatus. 
0003 2. Description of the Related Art 
0004. In recent years, a touch panel used by a user to 
operate objects displayed in a screen after the display Screen 
being directly touched by the user is frequently mounted in 
Small-sized electronic devices and automatic transaction 
devices. By using the touch panel, an intuitive operation 
feeling is realized and an advantage of being able to easily 
perform operations even for a user who is unfamiliar with 
operations of a keyboard, keypad or the like is achieved. In 
Some recent electronic devices, when the user operates a 
touch panel, a display object displayed in the screen is moved 
or predetermined processing is performed by the movement 
operation. 
0005. In connection with such a technology, for example, 
Japanese Patent Application Laid-Open No. 2002-149312 
discloses a technology to provide a vibration to an electronic 
device in accordance with behavior of a display object. Japa 
nese Patent Application Laid-Open No. 2004-86711 and 
Japanese Patent Application Laid-Open No. 2004-309962 
disclose a technology to change a vibration amount in accor 
dance with the position on the touch panel touched by the 
user. Further, Japanese Patent Application Laid-Open No. 
2005-149197 discloses a technology to gradually change the 
vibration amount after the time when the touch panel is 
touched by the user until processing corresponding to a touch 
operation is determined. Thus, the operation feeling of the 
user can be improved by combining touch panel operations 
and vibration. 

SUMMARY OF THE INVENTION 

0006. As described above, much research and develop 
ment has been conducted on technology to combine a touch 
panel and vibration to improve the operation feeling of the 
touch panel. However, no technology that enables a user to 
detect attributes or characteristics of data associated with a 
display object by vibration is known. If a touch panel is used, 
as described above, the user can perform predetermined pro 
cessing by directly operating a display object. Technological 
innovations to effectively communicate information about 
data associated with a display object to the user by making 
full use of convenience of Such a touch panel are sought after. 
0007. The present invention has been made in view of the 
above issue and there is a need for a novel and improved 
information processing apparatus capable of communicating 
a parameter amount of data about to be processed by a user 
using a display object to the userby vibration and a vibration 
control method in the information processing apparatus. 
0008. In order to solve the above issue, according to an 
embodiment of the present invention, there is provided an 
information processing apparatus, including: a display con 
trol unit that moves a display position of an object in accor 
dance with movement of a contact position when the position 
in a screen where the object is displayed is contacted and 
moved; and a vibration control unit that vibrates the contact 
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position with a vibration amount in accordance with a param 
eter amount of data associated with the object when the dis 
play position of the object moves. 
0009. If the moving object comes into contact with 
another object displayed in the screen, the display control unit 
may be configured to cause the other object and the moving 
object to move together. In this case, the vibration control unit 
is configured to vibrate the contact position with the vibration 
amount in accordance with the total parameter amount of 
both objects moving together. 
0010. The vibration control unit may be configured to 
vibrate the contact position with the vibration amount larger 
that that during movement of the object for only a predeter 
mined period when the object starts to move. 
0011. The vibration control unit may be configured to 
vibrate the contact position with the vibration amount larger 
than that when both objects move together for only a prede 
termined period after the moving object comes into contact 
with the other object. 
0012. As the parameter amount, a period from an acquisi 
tion time oran update time of data associated with the object 
until the time when the object starts to move may be used. In 
this case, the vibration control unit is configured to vibrate the 
contact position with an increasing vibration amount as the 
period becomes longer. 
0013. A data size of data associated with the object may be 
used as the parameter amount. 
0014 Video data or music data may be used as the data. In 
this case, a reproduction time of data associated with the 
object is used as the parameter amount. 
0015 Image data may be used as the data. In this case, an 
image size of data associated with the object is used as the 
parameter amount. 
0016. The data may contain a plurality of pieces of con 
tent. In this case, the number of pieces of content contained in 
the data is used as the parameter amount. 
0017. If a display screen is touched by a finger and the 
display position of the object is moved, the vibration control 
unit may be configured to change the vibration amount in 
accordance with the number of fingers brought into contact 
with the display screen. 
0018. The vibration control unit may be configured to 
reduce the vibration amount when the number of fingers 
increases. 
0019. In order to solve the above issue, according to 
another embodiment of the present invention, there is pro 
vided a vibration control method in an information process 
ing apparatus, including the steps of exercising movement 
control of a display position of an object in accordance with 
movement of a contact position when the position in a screen 
where the object is displayed is contacted and moved; and 
exercising control so that the contact position vibrates with a 
vibration amount in accordance with a parameter amount of 
data associated with the object when the movement control of 
the display position of the object is exercised. 
0020. According to the embodiments of the present inven 
tion described above, it becomes possible to communicate the 
parameter amount of data about to be processed by a user 
using a display object to the user by vibration. As a result, a 
more intuitive operation system is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is an explanatory view showing a movement 
method of a display object using a touch panel; 
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0022 FIG. 2 is an explanatory view showing the move 
ment method of the display object using the touch panel; 
0023 FIG. 3 is an explanatory view exemplifying the 
movement method of the display object according to an 
embodiment of the present invention and a vibration control 
method; 
0024 FIG. 4 is an explanatory view exemplifying the 
movement method of the display object according to the 
present embodiment and the vibration control method; 
0025 FIG. 5 is an explanatory view exemplifying the 
vibration control method according to the present embodi 
ment, 
0026 FIG. 6 is an explanatory view exemplifying the 
vibration control method according to the present embodi 
ment, 
0027 FIG. 7 is an explanatory view showing a function 
configuration example of an information processing appara 
tus according to the present embodiment; and 
0028 FIG. 8 is an explanatory view showing a hardware 
configuration example of the information processing appara 
tus according to the present embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0029. Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to the 
appended drawings. Note that, in this specification and the 
appended drawings, structural elements that have Substan 
tially the same function and structure are denoted with the 
same reference numerals, and repeated explanation of these 
structural elements is omitted. 

Flow of Description 
0030 Here, the flow of description of an embodiment of 
the present invention described below will briefly be men 
tioned. First, a movement operation of a general display 
object using a touch panel and a display control method will 
be described with reference to FIG. 1 and FIG. 2 by citing 
concrete examples. In a description thereof, what the embodi 
ment of the present invention is intended will be described. 
Next, a display configuration of an information processing 
apparatus 100 according to an embodiment of the present 
invention and a vibration control method will be described 
with reference to FIG. 3 and FIG. 4 by citing concrete 
examples. 
0031. Next, a control pattern of the vibration amount 
according to the vibration control method in the present 
embodiment will be described with reference to FIG. 5 and 
FIG. 6 by citing concrete examples. Next, the function con 
figuration of the information processing apparatus 100 
according to the present embodiment will be described with 
reference to FIG. 7. In a description thereof, the correspon 
dence between a technical configuration described with ref 
erence to FIG.3 to FIG. 6 and a function configuration of the 
information processing apparatus 100 will also be described. 
In addition, a hardware configuration example capable of 
realizing functions of the information processing apparatus 
100 according to the present embodiment will be described 
with reference to FIG.8. Lastly, operation effects achieved by 
the technical configuration according to the present embodi 
ment will be outlined. 

Purpose 
0032. Before starting a description of an embodiment of 
the present invention, a movement operation of a general 
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display object using a touch panel and a display control 
method will briefly be described with reference to FIG. 1 and 
FIG. 2. FIG. 1 and FIG.2 are explanatory views exemplifying 
the movement operation of a general display object using a 
touch panel and the display control method. Processing 
shown here is realized, for example, by an information pro 
cessing apparatus 10 provided with a display Screen 12 hav 
ing a touch panel function. 
0033 First, FIG. 1 is referenced. FIG. 1 shows an opera 
tion screen of a photo viewer used for perusing photo data. 
The photo viewer illustrated in FIG. 1 is configured in such a 
way that a plurality of pieces of photo data is arranged in a 
predetermined direction and the focus can be moved to a 
preceding photo or following photo by a slide operation of a 
finger along a predetermined direction being performed by a 
user. If, for example, the next photo arranged on the right side 
should be focused and displayed, the user may perform a slide 
operation of a finger in the left direction on the display Screen 
12. At this point, the photo viewer provides resistance to the 
user during the slide operation. 
0034. The resistance during the slide operation here 
expresses, for example, one of phenomena daily encountered 
in ordinary life (hereinafter, daily phenomena). Daily phe 
nomena in daily life include, for example, a ball flying a great 
distance with great force after being thrown away with all 
one's strength and an extended rubber band contracts to its 
original state after being let go of one's hold. In addition, it is 
also one of daily phenomena that while it is difficult to move 
a heavy object, a light object can be moved even with a weak 
force. Moreover, though a simple example, the fact that an 
object that is not moved when pushed by one person is moved 
when pushed by two persons is considered to be one of daily 
phenomena. These daily phenomena are based on physical 
phenomena (or physical laws). 
0035. On the other hand, behavior of consumer goods in 
daily life is sometimes daily phenomena. An umbrella that 
can be operated to open by a single buttonworked by a spring, 
for example, is a good example thereof. When the umbrella is 
folded, the user pulls agripping membertoward a handle with 
strong force until a fitting portion provided in the gripping 
member is put on a hook of the handle. If the pulling force is 
weak, the umbrella will open again due to resistance force of 
the spring. As a similar example, for example, many people 
may have experienced that because a door is not completely 
pulled to an open state, the door is not fixed in the open State 
and is immediately closed. By experiencing Such scenes, the 
user recognizes that, for example, if a predetermined opera 
tion is performed with a strong force or to the end, an intended 
operation is completed and, if a predetermined operation is 
performed with a weak force or halfway, a state before the 
operation is brought back as daily phenomena. 
0036. The two examples cited here show “resistance' 
experienced daily by the user. Such “resistance' can be 
expressed, for example, by feedback of graphics shown in 
FIG. 1 and FIG. 2. 

0037 FIG. 1 shows a state in which the user slides a finger 
a little to move the display position of a photo. If the user 
performs a slide operation in a state in which a photo P.1 is 
displayed in the center, the photo P.1 moves in the slide 
direction by a distance of the slide operation. It is assumed, 
however, that the slide distance is shorter than a predeter 
mined threshold. If the user moves the finger away from the 
display screen 12 after the slide operation, the information 
processing apparatus 10 determines that the slide distance is 
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short and performs processing to bring the photo P1 back to 
the original display position in which the photo P.1 is dis 
played in the center. That is, if the slide distance is short, the 
display arrangement of a photo will not be updated even if a 
slide operation is performed. 
0038 FIG. 2 shows a state in which the user slides the 
finger considerably to move the display position of a photo. If 
the user performs a slide operation in a state in which the 
photo P.1 is displayed in the center, the photo P.1 moves in the 
slide direction by a distance of the slide operation. However, 
it is assumed that the slide distance is larger than the prede 
termined threshold. If the user moves the finger away from the 
display screen 12 after the slide operation, the information 
processing apparatus 10 determines that the slide distance is 
long and performs processing to cause a transition to the 
display position in which a next photo P2 is arranged in the 
center. That is, if the slide distance is long, the display Screen 
12 will be updated to a display configuration in which photos 
are arranged so that the next photo is focused in accordance 
with the slide operation. 
0039. See what kind of sense feedback by graphics shown 
in FIG. 1 and FIG.2 gives to the user. As mentioned above, the 
user unconsciously perceives various daily phenomena on the 
basis of experience of the user. The above umbrella and door 
are such examples. The user also perceives daily phenomena 
concerning an operation means such as a button provided in 
electronic devices. A phenomenon in which unless a button is 
pressed deep enough, associated processing will not be per 
formed can be cited as an example. In this case, the user 
perceives whether the button is pressed deep enough by rely 
ing on a touch of the button. Thus, if the user feels that the 
button is not pressed deep enough, the user may perform an 
operation to re-press the button or the like. 
0040. However, in an operation system realized by a 
linked operation of a slide operation of a finger in contact with 
a touch panel and movement of an object displayed in the 
display screen 12, there is little chance that the user executes 
Something relying on “touch'. Even in Such an operation 
system, the user can naturally move graphics or press a dis 
played button. However, no feedback of sense or touch is 
given to the user. Thus, the user will perform the next opera 
tion or determine whether to continue or Suspend the opera 
tion after checking an operation result. 
0041. Therefore, if an operation system that behaves rela 

tively closely to daily phenomena perceived unconsciously 
by the user can be realized, the operation feeling of the user 
can still be improved because there is no need to perform the 
next operation after checking an operation result. Further, it is 
expected that Such an improved operation feeling brings a 
reduction of misoperations and improvement of operating 
speeds. 
0042. In the example shown in FIG. 1 and FIG.2, behavior 
close to daily phenomena that if the slide distance is short, the 
original display arrangement is brought back is realized and 
thus, the user can visually experience a natural operation 
feeling. “Resistance' is expressed in the example, but, for 
example, “strength of force”, “inertia” and the like may also 
be expressed. 
0043. However, when visually expressed, if an object (for 
example, a photo) is hidden by a finger, no “touch' will be 
conveyed to the user. Moreover, even if such a expression 
mode is used, the system is nevertheless an operation system 
in which an operation is performed after visually checking an 
operation result and thus, no particularly advantageous effect 
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for the user's operation feeling is achieved. In consideration 
of the above points, realization of a technology that conveys 
information about data to the user by any mechanism other 
than vision is sought after. An embodiment described below is 
intended for realization of Such a technological request. 

EMBODIMENT 

0044 An embodiment of the present invention will be 
described below. The present embodiment relates to a tech 
nology that gives vibration as feedback by being linked to a 
display operation of graphics. More specifically, the present 
embodiment relates to a technology that provides an opera 
tion system having more intuitive expressions to the user by 
controlling the vibration amount in accordance with the 
parameter amount of data associated with graphics. That is, in 
contrast to a simple technology to report completion of a 
processing operation or the contact position to the user 
through vibration, the technology provides a “touch' through 
vibration to the user by the vibration amount controlled based 
on information about an operation target. 

Vibration Control Method 
0045 First, the vibration control method according to the 
present embodiment will be described with reference to FIG. 
3 and FIG. 4. 
0046 FIG. 3 is an explanatory view showing the vibration 
control method when one objects starts to move and while 
moving. FIG. 4 is an explanatory view showing the vibration 
control method when a plurality of objects collide and while 
moving. In a description that follows, an operation target 
associated with various kinds of data will be called a display 
object or simply an object. The display configuration illus 
trated in FIG.3 and FIG. 4 and the vibration control process 
ing are realized by the function configuration of the informa 
tion processing apparatus 100 described later. Further, the 
display Screen in which an object is displayed corresponds to 
an input/output unit 102 provided with the information pro 
cessing apparatus 100 and is realized, for example, by a touch 
panel. 

(Vibration Control When Object Moves) 
0047 FIG. 3 will be referenced. FIG. 3 shows, as an 
example, the display screen of the information processing 
apparatus 100 in which three objects are displayed. Each of 
the objects shown here is associated with photo data, music 
data, or video data. Naturally, objects associated with other 
kinds of data may be displayed in the display screen. Further, 
only one object may be displayed in the display Screen, or two 
or four or more objects may be displayed. Moreover, a plu 
rality of pieces of data may be associated with one object. 
0048. A movement destination area is also displayed in the 
screen of the information processing apparatus 100 illustrated 
in FIG. 3. The movement destination area is a display area 
showing a movement destination to which an object is moved. 
When an object is moved into the movement destination area, 
for example, data associated with the object will be saved in 
the information processing apparatus 100. In this case, the 
information processing apparatus 100 may be configured to 
acquire and save data associated with the object moved into 
the movement destination area from a content server or the 
like that delivers various kinds of data. 
0049. As another configuration, for example, the informa 
tion processing apparatus 100 may be configured to record 
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associated with an object in a predetermined external storage 
device when the object is moved into the movement destina 
tion area. Further, in addition to data storage and recording, 
various functions may be allocated to the movement destina 
tion area. For example, a function to upload data correspond 
ing to the object moved into the movement destination area in 
a device Such as a server connected to the information pro 
cessing apparatus 100 by wire or by radio may be allocated to 
the movement destination area. Alternatively, a function to 
discard data corresponding to the object moved into the area 
may be allocated to the movement destination area. 
0050 Thus, any function may be allocated to the move 
ment destination area. However, in a description that follows, 
a configuration in which data of an object moved into the 
movement destination area is saved in the information pro 
cessing apparatus 100 is taken as an example for the sake of 
convenience of description. Further, an operation by the user 
to move an object of music data and behavior of the informa 
tion processing apparatus 100 in response to the operation 
will be described. 
0051 First, the user touches a position in the screen where 
the object of music data is displayed by a finger. Hereinafter, 
the position where the user is in contact will be called a 
contact portion. Further, the user moves the finger in the left 
direction while the finger is in contact with the object of music 
data to move the object of music data toward the movement 
destination area. It is assumed here that the movement desti 
nation area is arranged on the left side when viewed from the 
position where the object of music data is displayed. 
0052. When a slide operation described above is per 
formed, the display position of the object of music data is 
moved by the information processing apparatus 100 accom 
panying the slide operation of the contact portion. That is, the 
object of music data is moved by being linked to the slide 
operation of the user. 
0053 When the object of music data is moved, vibration is 
provided to the finger (contact portion) of the user in contact 
with the object of music data by the information processing 
apparatus 100. However, the vibration amount of vibration 
provided to the finger of the user is decided depending on the 
parameter amount of music data associated with the moved 
object. As the parameter amount, for example, the data size, 
reproduction time, reproduction frequency, number of pieces 
of music, or price of music data can be considered. 
0054 If the type of data associated with the object is photo 
data, for example, the data size, photo size, how old the 
photographing date/time, display frequency, editing fre 
quency, or price of photo data is used as decision factors of the 
vibration amount. Further, if the type of data associated with 
the object is video data, for example, the data size, reproduc 
tion time, how old the photographing date/time, number of 
chapters, viewing frequency, editing frequency, or price of 
Video data is used. 
0055. The vibration amount may be configured to be 
decided based on the moving distance, moving direction, or 
movement speed when the object is moved. Further, the 
vibration amount may be configured to be different in accor 
dance with the type of data associated with the object. Natu 
rally, the vibration amount may be configured to be set by 
combining a plurality of these arbitrary decision factors. In a 
description that follows, the above arbitrary decision factors 
will generically be called the parameter amount of data. 
0056. With the vibration amount determined as described 
above, the user can grasp the parameter amount of data asso 
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ciated the object being moved in accordance with the vibra 
tion amount received from the contact portion. In this case, 
even if the object and display information related thereto are 
hidden by the finger or the like, the user can reliably perceive 
the parameter amount of data. Incidentally, mobile electronic 
devices are frequently carried in a bag or pocket and operated 
directly in such a state without the display screen thereof 
being viewed. In Such a case, more correct operations are 
realized by information about data to be operated being 
obtained through vibration, contributing significantly to 
improved operability. 

(Expression 1 of Static Friction Force) 
0057. Further, in the present embodiment, a contrivance 
shown below is performed regarding vibration control during 
movement of an object to realize one of the above “daily 
phenomena' through vibration. The “daily phenomenon' 
illustrated here is a static friction force generated when an 
object is moved. When, for example, a static object put on a 
floor is moved by pushing, friction is generated between the 
object and the floor. Thus, in order to move the static object by 
pushing, it is necessary to add thrust against a friction force 
acting between the static object and the floor. The friction 
force can be divided into a static friction force and a dynamic 
friction force. The static friction force is a friction force acting 
before a static object starts to move. The dynamic friction 
force is a friction force acting after a static object starts to 
OW. 

0058. The static friction force is greater than the dynamic 
friction force. Thus, the user finds a static object very heavy 
before the static object starts to move and relatively light after 
the static object starts to move. In the present embodiment, as 
an example, a technique to express Such a 'static friction 
force' as a vibration amount is proposed. In the example in 
FIG. 3, the object of music data is touched by the user and 
while the object is moved by a predetermined distance, the 
contact portion is vibrated with a relatively large vibration 
amount. After the object is moved by the predetermined dis 
tance, vibration in the contact portion is controlled to a rela 
tively small vibration amount. The predetermined distance 
can be decided arbitrarily. The vibration amount may be 
Switched instantaneously when the moving distance of the 
object reaches the predetermined distance or switched so that 
the vibration amount decreases gradually. 
0059 By expressing a static friction force as described 
above, the process of transition from a resting State to a 
moving state is expressed in a form almost matching the 
"daily phenomena” and the user can perceive an operation of 
“data” movement by likening to an operation of daily 
“object' movement. The user can also perceive the position 
where movement is started by touching an object more 
clearly. 
0060 Consider, for example, a situation in which the user 
traces the screen from right to left with a finger without 
checking the display position of an object. If the above con 
figuration expressing a static friction force should not be 
used, vibration is generated with a predetermined vibration 
amount in the contact portion from the position where the 
finger of the user touches the object. In this case, the user will 
perceive the instant when vibration is started as the instant of 
starting movement. However, a human sense is relatively 
insensitive. If the instant of starting movement is a trigger of 
starting processing of some kind, the probability of occur 
rence of misoperations increases with Such a configuration. 
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If, for example, reproduction/stop/start location and the like 
of music are controlled in accordance with the movement 
operation of an object, the configuration of “static friction 
force' in which the instant of starting movement of the object 
can be perceived more accurately is more Suitable. 

(Expression of Graphics Accompanying Static Friction 
Force) 
0061. With a static friction force expressed as described 
above, a “sense' similar to “daily phenomena” can be pro 
vided to the user and an effect thereof can further be enhanced 
by adding a expression by graphics. When, for example, as 
shown in FIG. 3, an object in a resting state is moved, the 
object does not move immediately after the finger comes into 
contact with the object and the object moves after the finger is 
moved for some time. Further, while the object rests without 
being moved after the finger comes into contact, the contact 
portion vibrates with a relatively large vibration amount. 
0062. With movement and the vibration amount of an 
object controlled by being linked in this manner, the "daily 
phenomenon' of “it is difficult to move a static object' is 
expressed and a more realistic “sense' is provided to the user. 
Moreover, with an increasingly heavier file (for example, a 
file having a larger data size) expressed by a heavier operation 
(more difficult to move) in the screen, a more realistic expres 
sion mode is realized. Even with an operation system Such as 
a touch panel, a more realistic operation feeling can be pro 
vided to the user by providing a sense similar to a phenom 
enon in a real world to the user by vibration conveyed to the 
finger and visual information being linked. 

(Vibration Control When a Plurality of Objects are Moved) 

0063 Next, FIG, 4 will be referenced. FIG. 4 shows the 
display configuration in which a plurality of objects is moved 
together. As shown in FIG. 3, a situation in which the object 
of music data is moved by the user is considered as an 
example. First, the vibration control method when the object 
of music data collides against that of photo data during move 
ment thereof will be described. It is assumed, however, that 
the user continues the drag operation after the collision. 

(Movement of the Plurality of Objects by Collision of 
Objects) 

0064. If, as shown in FIG. 4, the object of music data 
collides against that of photo data, the object of photo data 
starts to move together with that of music data. In the example 
in FIG. 4, the object of music data and that of photo data are 
drawn in Such a way that collision portions thereof do not 
overlap for the sake of convenience of description, but a part 
or all of the collision portions may overlap. Even if the object 
of music data and that of photo data are drawn in Such a way 
that collision portions thereof overlap so that the object of 
photo data is completely hidden, the user can easily determine 
whether a plurality of objects overlap by using a control 
method of the vibration amount described later. 

0065. When the object of music data and that of photo data 
are moved together, the vibration amount of vibration pro 
vided to the finger of the user is determined based on the total 
parameter amount of both objects. If, for example, the data 
size is used as the parameter amount, the vibration amount is 
determined in accordance with the total data size of the data 
size of music data and that of photo data. 
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0066. Thus, the user can determine whether objects have 
collided without viewing the display screen. Moreover, as 
described above, even in a display configuration in which a 
plurality of objects is displayed by being overlapped, the user 
can easily determine whether moving objects overlap. Fur 
ther, the user can obtain an operation feeling matching 'daily 
phenomena' that “moving a plurality of objects needs a great 
force'. Therefore, the operation feeling is improved to be 
more realistic. 

(Expression 2 of Static Friction Force) 

0067. Further, an effect of static friction force at the instant 
of collision may also be expressed by vibration. In the 
example in FIG. 4, the object of photo data on the receiving 
side of collision rests. For example, the effect can be 
expressed so that a static friction force acts on the object of 
photo data. 
0068. In this case, for example, afriction force obtained by 
adding a static friction force acting on the object of photo data 
to a dynamic friction force acting on the object of music data 
is expressed by vibration. Alternatively, a friction force 
obtained by adding a static friction force acting on the object 
of photo data to a static friction force acting on the object of 
music data may be expressed by vibration. In addition, the 
period in which a static friction force acts may be shortened to 
express an effect of impulse given to the object of photo data 
when the object of music data collides. 
0069. Using the above expressions, the user can clearly 
perceive the instant when objects collide. Further, the user can 
perceive whether a “light’ object collides against a “heavy 
object or a “heavy’ object collides against a “light’ object as 
a “sense”. Expressions “heavy” and “light here correspond 
to a “large and “small parameter amount of data associated 
with the object thereof respectively. By controlling vibration 
as described above, a more intuitive operation feeling can also 
be provided to the user when a drag operation of a plurality of 
objects is performed simultaneously. 

(Movement of a Plurality of Objects by a Finger Touch) 

0070. In the above example, the display configuration and 
vibration control method when a plurality of objects collides 
and both objects are moved together have been described. An 
operation example in which a drag operation of a plurality of 
objects is performed simultaneously includes, for example, a 
situation in which a plurality of objects is in contact with the 
finger of the user. FIG. 4 shows a situation in which the finger 
of the user comes into contact with a video object while the 
objects of music data and photo data are moved. 
0071. In this example, the finger of the user is in contact 
with the object of music data through a contact portion A and 
the object of video data through a contact portion B. In this 
case, the information processing apparatus 100 provides 
vibration of the vibration amount corresponding to “music 
data+photo data” to the contact portion A and vibration of the 
vibration amount corresponding to “video data” to the contact 
portion B. When the contact portion B comes into contact 
with the object of video data, like the object of music data, 
“static friction' is expressed for the contact portion B by the 
vibration amount and operation by graphics. If the drag 
operation is continued after the object of video data comes 
into contact through the contact portion B, the objects of 
music data, photo data, and video data are moved together. 
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Then, after being moved into the movement destination area, 
data of the objects is saved in the information processing 
apparatus 100. 
0072 The above example shows a case in which indi 
vidual positions corresponding to contact portions vibrate, 
but the whole finger of the user or the whole cabinet of the 
information processing apparatus 100 may vibrate. In this 
case, the vibration amount is decided based on the total 
parameter amount of objects in contact with the finger of the 
user or objects being moved together. By adopting Such a 
configuration, the user can perceive the resting state, moving 
state, collision state, number of objects being moved, and 
parameter amounts of data corresponding to objects without 
visually checking objects displayed in the screen. At this 
point, the user can perceive a “sense' similar to “daily phe 
nomena” during operation and thus, a more intuitive opera 
tion becomes possible. 

Setting Example of Vibration Amount 

0073 Here, a setting example of the vibration amount 
according to vibration control method will be described with 
reference to FIG. 5 and FIG. 6. FIG. 5 is a graph showing 
changes of the vibration amount in the process of operations 
of the user shown in FIG.3 and FIG. 4. FIG. 6 is an explana 
tory view showing a portion of the graph shown in FIG. 5 in 
a magnified view. 

(Overall Flow) 
0074 FIG. 5 will be referenced. In the graph shown in 
FIG. 5, the horizontal axis expresses the moving distance and 
the vertical axis expresses the vibration amount. Also in the 
graph shown in FIG. 5, the period before coming into contact 
with the object of music data is denoted as T0 and that before 
the object comes into contact with the object of photo data as 
T1 to match the process of user operations shown in FIG. 3 
and FIG. 4. Further, the period before the finger of the user 
comes into contact with the object of video data is denoted as 
T2. 

0075. Then, the period before the object of photo data is 
moved into the movement destination area is denoted as T3, 
that before the object of music data is moved into the move 
ment destination area as T4, and that before the object of 
video data is moved into the movement destination area as T5. 
Objects are assumed here to be moved into the movement 
destination area in the order of photo data, music data, and 
Video data. The vibration amount corresponding to the 
parameter amount of music data is denoted as AV1 (V1). 
that corresponding to the parameter amount of photo data as 
AV2 (V2-V1), and that corresponding to the parameter 
amount of video data as AV3 (V3-V2). 
0076. Here, V1 is the vibration amount in the period T1, 
V2 the vibration amount in the period T2, and V3 the vibra 
tion amount in the period T3. The vibration amount in the 
period TO before the finger of the user comes into contact 
with the object of the music data is 0. Next, when the finger of 
the user comes into contact with the object of the music data, 
the vibration amount becomes temporarily larger than V1, 
stabilizes to the vibration amount V1 after moving a prede 
termined distance, and vibration continues with the vibration 
amount V1 until the end of the period T1. Here, a region X1 
where the vibration amount becomes temporarily larger than 
V1 is a portion where the above “static friction' is expressed. 
This portion will be described later with reference to FIG. 6. 
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0077 Next, when the object of music data collides against 
that of photo data, the vibration amount becomes temporarily 
larger than V2, stabilizes to the vibration amount V2 after 
moving a predetermined distance, and vibration continues 
with the vibration amount V2 until the end of the period T2. At 
this point, the vibration amount V2 is a total value of the 
vibration amount AV1 corresponding to the parameter 
amount of music data and the vibration amount AV2 corre 
sponding to the parameter amount of photo data. The vibra 
tion amount V2 may, however, be determined based on a total 
parameter amount obtained by totaling the parameter amount 
of music data and that of photo data. 
0078 Next, when the finger of the user comes into contact 
with the object of video data, the vibration amount becomes 
temporarily larger than V3, stabilizes to the vibration amount 
V3 after moving a predetermined distance, and vibration 
continues with the vibration amount V3 until the end of the 
period T3. In this example, the vibration amount AV3 is set to 
a value obtained by totaling vibration amount V2 and the 
vibration amount AV3 corresponding to the parameter 
amount of video data. When vibration is provided to each 
contact portion (the contact portion A, the contact portion B) 
in contact with each object, as described above, the contact 
portion A is vibrated with the vibration amount V2 and the 
contact portion B with the vibration amount AV3. 
0079 Next, when the object of photo data is moved into 
the movement destination area, the vibration amount is 
reduced by the vibration amount AV2 corresponding to the 
parameter amount of photo data. Further, when the object of 
music data is moved into the movement destination area, the 
vibration amount is reduced by the vibration amount AV1 
corresponding to the parameter amount of music data. Lastly, 
when the object of video data is moved into the movement 
destination area, the vibration amount is reduced to 0. How 
ever, the vibration amount is reduced gradually in the process 
of transition from the period T3 to the period T4, that of 
transition from the period T4 to the period T5, and that of 
ending the period T5. This will be described later by taking a 
region X2 showing the process of ending the period T5 as an 
example with reference to FIG. 6. 

(Static Friction and Gradual Decrease of Vibration Amount) 
0080 FIG. 6 will be referenced. FIG. 6 shows the region 
X1 corresponding to the start portion of the period T1 and the 
region X2 corresponding to the end portion of the period T5 
in the graph of FIG. 5 by enlarging these regions. First, the 
expression of “static friction' will be described again with 
reference to the portion of the region X1. Further, the expres 
sion “increase the vibration amount gradually observed in 
the start portion of the period T1 will be described. Next, the 
expression “decrease the vibration amount gradually’ will be 
described with reference to the portion of the region X2. 
However, a detailed description of content overlapping with 
that described above is omitted. 
I0081. When a static object is moved, as described above, a 
vibration amount larger than that during movement of the 
object is provided to the finger of the user while the finger 
moves a predetermined distance from the start of movement 
to express “static friction'. In the example in FIG. 6, the 
vibration amount larger than the vibration amount V1 (AV 1) 
during movement by ÖV1 is allocated to express “static fric 
tion'. The vibration amount 6V1 may arbitrarily be decided 
in advance, but may be decided, for example, based on the 
parameter amount of data associated with an object. This also 
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applies to the start portions of the period T2 and the period T3 
of the graph shown in FIG. 5. In this manner, “static friction' 
is expressed. 
0082 Next, the expression “increase the vibration amount 
gradually will be described. As illustrated in FIG. 6, the 
vibration amount gradually increases while the object being 
moved. Graphically expressed, the inclination to increase the 
vibration amount is expressed as 0<90°. The information 
processing apparatus 100 may naturally be configured so that 
0=90° applies, but how a force applied to a static object is 
gradually accumulated can be expressed by vibration by set 
ting as 0<90°. 
0083) Next, the expression “decrease the vibration amount 
gradually will be described. This expression is common to 
the end portions of the period T3, the period T4, and the 
period T5. As shown in FIG. 6, the ratio of objects moved into 
the movement destination area can be expressed by setting an 
inclination (p. Actually, data is frequently stored in the infor 
mation processing apparatus 100 after all objects being 
moved into the movement destination area. However, to 
express the ratio of objects that have been moved into the 
movement destination area, the vibration amount decreases in 
accordance with the ratio of objects that have been moved into 
the movement destination area by setting an inclination (p. 
Therefore, while the graph is linear in the example shown in 
FIG. 5 and FIG. 6, the graph may actually be curved in 
accordance with movement of the finger of the user. 
0084 Thus, the graphs in FIG.5 and FIG. 6 are configured 
so that resistance is strong the instant at which the finger 
comes into contact with an object and becomes weaker after 
the finger is moved for some time. This configuration 
expresses a static friction coefficient and a dynamic friction 
coefficient and also a phenomenon that when an object is 
moved in a real world, a force is necessary at first and the 
object can be moved with weaker force after the object starts 
to move. Further, a difference in height of the graph 
expresses, for example, the file size. In this case, if the file size 
is larger, changes in height increase and larger vibration is 
given to the user as feedback. Such expressions express a 
phenomenon that a greater force is necessary to move a 
heavier object. 
0085. By expressing, as described above, resistance, fric 

tion, weightiness and the like obtained as experience in a real 
world by vibration, in addition to the expression by graphics, 
a more intuitive operation system is realized. Moreover, even 
if graphics is hidden by the finger performing an operation, 
feedback can be given to the user by vibration. 

Function Configuration of Information Processing Appara 
tus 100 
I0086) Next, the function configuration of the information 
processing apparatus 100 according to the present embodi 
ment will be described with reference to FIG. 7. FIG. 7 is an 
explanatory view showing the function configuration of the 
information processing apparatus 100 capable of realizing the 
display configuration and vibration control method described 
above. 
0087 As shown in FIG. 7, the information processing 
apparatus 100 mainly includes the input/output unit 102, a 
display control unit 104, a storage unit 106, a contact infor 
mation search unit 108, a vibration amount calculation unit 
110, and a vibration control unit 112. 
0088. The function of the input/output unit 102 is realized 
by an input unit 916 and an output unit 918 of the hardware 
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configuration shown in FIG.8. The functions of the display 
control unit 104, the contact information search unit 108, the 
vibration amount calculation unit 110, and the vibration con 
trol unit 112 are realized by a CPU 902 based on programs 
recorded in a ROM 904, a RAM 906, a storage unit 920, a 
removable recording medium 928 and the like. 

(Input/Output Unit 102) 

I0089. The input/output unit 102 includes a display unit 
132, a contact position detection unit 134, and a vibration unit 
136. More specifically, the input/output unit 102 is a touch 
panel or the like having a vibration function. The display unit 
132 constitutes the display screen of the information process 
ing apparatus 100. Display content of the display unit 132 is 
controlled by the display control unit 104. The display unit 
132 displays, for example, objects corresponding to music 
data or image data, the movement destination area and the 
like. Further, the display unit 132 displays an operation screen 
of an application to reproduce music data, that of the photo 
viewer, or photos therein. 
0090 The contact position detection unit 134 is connected 
to the display unit 132 and the position in the screen of the 
display unit 132 touched by the user is detected by the contact 
position detection unit 134. That is, the display unit 132 
constitutes a touch panel or the like by being combined with 
the contact position detection unit 134. Information about the 
contact position detected by the contact position detection 
unit 134 is input into the display control unit 104 and the 
contact information search unit 108. The vibration unit 136 is 
also connected to the display unit 132 and vibration is pro 
vided to the user by the vibration unit 136 in accordance with 
movement of an object displayed in the screen of the display 
unit 132. 

(0091. The vibration unit 136 may be configured to be able 
to provide vibration to a contact position detected by the 
contact position detection unit 134 by pinpointing the contact 
position. The vibration unit 136 may also be configured to 
vibrate the display unit 132 or the whole cabinet of the infor 
mation processing apparatus 100. The vibration unit 136 pro 
vides vibration to the user based on vibration control infor 
mation input from the vibration control unit 112. The 
vibration control information contains, for example, informa 
tion of the vibration amounts and contact positions to be 
vibrated. 

(Display Control Unit 104) 

0092. The display control unit 104 reads objects and the 
like stored in the storage unit 106 and, as shown in FIG.3 and 
FIG.4, causes the display unit 132 to display objects associ 
ated with various kinds of data and the movement destination 
area. That is, the display control unit 104 manages position 
information of each object in the screen and that of the move 
ment destination area. The display control unit 104 also 
moves objects based on information about contact positions 
input from the contact position detection unit 134. Further, 
the display control unit 104 determines objects that have 
collided based on spatial relationships among a plurality of 
objects to move objects that have collided together. Position 
information managed by the display control unit 104 is input 
into the vibration amount calculation unit 110 each time the 
position or the like of an object is updated. The display control 
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unit 104 can also give feedback to the user by graphics by 
being linked to vibration control described later. 

(Storage Unit 106) 
0093. The storage unit 106 has objects displayed in the 
display unit 132 and data associated the objects stored 
therein. Further, the storage unit 106 has the parameter 
amount held by each piece of data stored therein. That is, each 
object, data, and the parameter amount are associated and 
stored in the storage unit 106. Objects stored in the storage 
unit 106 are read by the display control unit 104 before being 
displayed in the display unit 132. Parameter amounts stored 
in the storage unit 106 are read by the vibration amount 
calculation unit 110 before being used for calculation pro 
cessing of vibration amounts. 

(Contact Information Search Unit 108) 
0094. The contact information search unit 108 detects the 
moving direction and movement speed of a contact position 
or the contact area based on information (for example, coor 
dinates) of the contact position input from the contact posi 
tion detection unit 134. Such information can be calculated 
based on information about the contact position Successively 
input from the contact position detection unit 134. The con 
tact information search unit 108 may also be configured to 
detect the number of fingers in contact with the display unit 
132. Information detected by the contact information search 
unit 108 is input into the vibration amount calculation unit 
110 together with information about the contact position. 

(Vibration Amount Calculation Unit 110) 
0.095 The vibration amount calculation unit 110 has infor 
mation about the contact position of an object input thereinto 
from the display control unit 104 and information such as the 
contact position, contact area, movement speed, and moving 
direction input thereinto from the contact information search 
unit 108. Further, the vibration amount calculation unit 110 
can read the parameter amount of data associated with each 
object from the storage unit 106. Then, the vibration amount 
calculation unit 110 uses the above information to calculate a 
vibration amount of vibration to be provided to the user. More 
specifically, the vibration amount like the graphs shown in 
FIG. 5 and FIG. 6 is calculated in accordance with the user 
operation. 
0.096 First, the vibration amount calculation unit 110 
determines whether any contact position is present. If no 
contact position is present, the vibration amount calculation 
unit 110 input the vibration amount 0 into the vibration con 
trol unit 112. If, on the other hand, any contact position text 
missing or illegible when filed sent, the vibration 
amount calculation unit 110 text missing or illegible 
When filedrmines whether the moving distance after com 
ing into text missing or illegible when filed a prede 
termined distance. If the moving text missing or illegible 
When filed ice is shorter than the predetermined distance, 
text missing or illegible when filed amount calcula 
tion unit 110 calculates a text missing or illegible when 
filed amount expressing a static friction coefficient based on 
the parameteramtext missing or illegible when filed 
nt of data corresponding to the cotext missing or illeg 
ible when filedd object atext missing or illegible 
when filed inputs the vibration amount into the text 
missing or illegible when filednit 112. If, on the other 
hand, the moving text missing or illegible when filed 
than the predetermined distance, the vibration amount calcu 
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lation unit 110 calculates a vibration text missing or 
illegible when filed pressing a dynamic friction coeffi 
cient based on the text missing or illegible when filed 
of data corresponding to the contacted object and inputs the 
vibration amount into the vibration control unit 112. 
0097. Further, the vibration amount calculation unit 110 
determines whether the contacted object has collided against 
another object based on information about the display posi 
tions of objects input from the display control unit 104. If the 
contacted object has collided, the vibration amount calcula 
tion unit 110 calculates, for example, a total parameter 
amount of both objects and then calculates a vibration amount 
based on the total parameter amount. If a plurality of contact 
positions is present, the vibration amount calculation unit 110 
calculates a total parameter amount of an object correspond 
ing to each contact position and an object against which the 
object has collided and then calculates a vibration amount 
based on the total parameter amount. 
0098. If information about the number of fingers is 
detected by the contact information search unit 108, the vibra 
tion amount calculation unit 110 calculates a vibration 
amount in Such a way that the vibration amount decreases 
with an increasing number of fingers. If, for example, the 
number of fingers increases to two, the vibration amount 
decreases by half. In this manner, information about the cal 
culated vibration amount is input into the vibration control 
unit 112 together with information about the contact position. 

(Vibration Control Unit 112) 
0099. The vibration control unit 112 controls the vibration 
unit 136 contained in the input/output unit 102 in such a way 
that a contact position is vibrated with the vibration amount 
input from the vibration amount calculation unit 110. Thus, 
the vibration control unit 112 inputs contact positions and 
vibration control information including the vibration amount 
for each contact position into the vibration unit 136. However, 
the vibration control unit 112 may be configured to control the 
vibration unit 136 so that the whole display unit 132 or the 
whole cabinet of the information processing apparatus 100 
vibrates. In this case, the vibration control unit 112 may be 
configured to input only the vibration amount as vibration 
control information into the vibration unit 136. 
0100. By adopting the configuration described above, the 
display configuration illustrated in FIG.3 and FIG. 4 and the 
vibration control processing are realized and an operation 
system capable of providing an intuitive operation feeling to 
the user can be realized. For example, resistance, friction, 
weightiness and the like can be expressed by vibration. More 
over, it becomes possible to give feedback to the sense of 
touch of the user. As a result, a more intuitive operation 
system is realized by expressing experience in a real world by 
vibration. Even if graphics displayed in the screen is hidden 
by the finger that performs an operation, feedback is given to 
the user using vibration. 

Hardware Configuration (Information Processing Apparatus 
100 
0101 The function of each component held by the above 
apparatus can be realized, for example, by an information 
processing apparatus having the hardware configuration 
shown in FIG. 8 using a computer program to realize the 
above functions. FIG. 8 is an explanatory view showing the 
hardware configuration of an information processing appara 
tus capable of realizing the function held by each component 
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of the above apparatus. The form of the information process 
ing apparatus is arbitrary and, for example, forms of a mobile 
information terminal Such as a personal computer, mobile 
phone, PHS (Personal Handy-phone System), and PDA (Per 
Sonal Digital Assistant), a game machine, and various kinds 
of information home appliances are included therein. 
0102. As shown in FIG. 8, the information processing 
apparatus mainly includes a CPU (Central Processing Unit) 
902, a ROM (Read Only Memory) 904, a RAM (Random 
Access Memory)906, a Hostbus 908, a bridge 910, an exter 
nal bus 912, an interface 914, an input unit 916, an output unit 
918, a storage unit 920, a drive 922, a connection port 924, 
and a communication unit 926. 
0103) The CPU902 functions as an arithmetic processing 
unit or a control unit and controls an entire operation of the 
constituent elements or some of the constituent elements on 
the basis of various programs recorded on the ROM 904, the 
RAM 906, the storage unit 920, or the removal recording 
medium 928. The ROM 904 stores, for example, a program 
loaded on the CPU902 or data or the like used in anarithmetic 
operation. The RAM 906 temporarily or perpetually stores, 
for example, a program loaded on the CPU 902 or various 
parameters or the like arbitrarily changed in execution of the 
program. These constituent elements are connected to each 
other by, for example, the host bus 908 which can perform 
high-speed data transmission. The hostbus 908, for example, 
is connected to the external bus 912 in which a data transmis 
sion speed is relatively low through the bridge 910. 
0104. The input unit 916 is, for example, an operation unit 
Such as a mouse, a keyboard, a touch panel, button, a Switch, 
or a lever. The input unit 916 may be a remote control unit 
(so-called remote) that can transmit a control signal by using 
an infrared ray or other radio waves. The input unit 916 
includes an input control circuit or the like to transmit infor 
mation input by using the operation unit to the CPU 902 
through an input signal. 
0105. The output unit 918 is, for example, a display device 
such as a CRT (Cathode Ray Tube), an LCD (Liquid Crystal 
Display), a PDP (Plasma Display Panel), or an ELD (Electro 
Luminescence Display), an audio output device Such as a 
loudspeaker or headphones, a printer, a mobile phone, or a 
facsimile that can visually or auditorily notify a user of 
acquired information. 
0106 The storage unit 920 is a device to store various data, 
and includes, for example, a magnetic storage device Such as 
a hard disk drive (HDD; Hard Disk Drive), a semiconductor 
storage device, an optical storage device, or a magnetooptical 
storage device, or the like. 
01.07 The drive 922 is a device that reads information 
recorded on the removal recording medium 928 such as a 
magnetic disk, an optical disk, a magnetooptical disk, or a 
semiconductor memory or writes information in the removal 
recording medium 928. The removal recording medium 928 
is, for example, a DVD medium, a Blue-ray medium, an 
HD-DVD medium, a compact flash (CF; compactFlash) (reg 
istered trademark), a memorystick, or an SD memory card 
(Secure Digital memory card), or the like. As a matter of 
course, the removal recording medium 928 may be, for 
example, an IC card (Integrated Circuit Card) on which a 
non-contact IC chip is mounted, an electronic device, or the 
like. 
0108. The connection port 924 is a port such as an USB 
(Universal Serial Bus) port, an IEEE1394 port, an SCSI 
(Small Computer System Interface), an RS-232C port, or an 
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optical audio terminal to which the external connection 
device 930 is connected. The external connection device 930 
is, for example, a printer, a mobile music player, a digital 
camera, a digital video camera, an IC recorder, or the like. 
0.109 The communication unit 926 is a communication 
device to be connected to a network 932. For example, a 
communication card for a wired or wireless LAN (Local Area 
Network), Bluetooth (registered trademark), or WUSB 
(Wireless USB), an optical communication router, an ADSL 
(Asymmetric Digital Subscriber Line) router, various com 
munication modems, or the like is used. The network 932 
connected to the communication unit 926 includes a wiredly 
or wirelessly connected network. For example, the Internet, a 
home-use LAN, infrared communication, broadcasting, sat 
ellite communication, or the like is used. 

Summary 

0110 Lastly, the function configuration held by an infor 
mation processing apparatus in the present embodiment and 
operation effects achieved by the function configuration will 
briefly be summarized. 
0111 First, the function configuration held by an informa 
tion processing apparatus according to the present embodi 
ment can be expressed as described below. The information 
processing apparatus has a display control unit and a vibra 
tion control unit described below. If a position in a screen 
where an object is displayed is moved while in contact, the 
display control unit moves the display position of the object in 
accordance with movement of the contact position. The 
vibration control unit vibrates the contact position with a 
vibration amount corresponding to a parameter amount of 
data associated with the object when the display position of 
the object is moved. 
0112 Thus, the information processing apparatus realizes 
an operation system according to a drag operation of objects 
displayed in the screen by the display control unit. Further, 
the information processing apparatus controls the vibration 
amount in accordance with the parameter amount of data 
associated with the object being moved through the vibration 
control unit to provide vibration with the vibration amount to 
a user. As a result, even if an object displayed in the screen is 
hidden by an operation means Such as a finger, the user can 
perceive feedback from the information processing apparatus 
through vibration. Further, by perceiving the feedback 
through vibration, the user can know the size of parameter 
amount of data actually being moved. Moreover, the contact 
position of the user is vibrated and thus, the user can really 
feel the presence of object so that more intuitive operations 
are realized. 

0113. If the moving object comes into contact with 
another object displayed in the screen, the display control unit 
may be configured to cause the other object and the moving 
object to move together. In this case, the vibration control unit 
is configured to vibrate the contact position with the vibration 
amount in accordance with the total parameter amount of 
both objects moving together. By adopting such a configura 
tion, it becomes possible for the user to perceive an increasef 
decrease of moving objects despite the display configuration 
in which a plurality of objects is Superimposed for the display. 
Further, a phenomenon experienced in a real world that “a 
strong force is necessary to move aheavy object' is expressed 
by vibration and thus, a more intuitive operation system can 
be realized. 
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0114. The vibration control unit may be configured to 
vibrate the contact position with the vibration amount larger 
that that during movement of the object for only a predeter 
mined period when the object starts to move. By adopting 
Such a configuration, “static friction' experienced in a real 
world is expressed by vibration and thus, a more intuitive 
operation system is realized. 
0115 The vibration control unit may be configured to 
vibrate the contact position with the vibration amount larger 
than that when both objects move together for only a prede 
termined period after the moving object comes into contact 
with the other object. By adopting Such a configuration, even 
if a plurality of objects comes into contact, “static friction' 
experienced in a real world is expressed by vibration and thus, 
a more intuitive operation system is realized. 
0116. As the parameter amount, a period from an acquisi 
tion time oran update time of data associated with the object 
until the time when the object starts to move may be used. In 
this case, the vibration control unit is configured to vibrate the 
contact position with an increasing vibration amount as the 
period becomes longer. By adopting Such a configuration, a 
phenomenon experienced in a real world that “an old object 
becomes less movable by being stuck” is expressed by vibra 
tion and thus, a more intuitive operation system is realized. 
0117 The parameter amount may be, for example, a data 
size of data associated with the object. As another example, 
the data may be video data or music data. In this case, a 
reproduction time of data associated with the object is used as 
the parameter amount. As still another example, the data may 
be image data. In this case, the image size of data associated 
with the object is used as the parameteramount. The data may 
contain a plurality of pieces of content. In this case, the 
number of pieces of content contained in the data is used as 
the parameter amount. 
0118. If a display screen is touched by a finger and the 
display position of the object is moved, the vibration control 
unit may be configured to change the vibration amount in 
accordance with the number of fingers brought into contact 
with the display Screen. By adopting Such a configuration, a 
phenomenon that a stronger force can be acted by using a 
plurality of hands can be expressed by vibration. The vibra 
tion control unit is configured, for example, to reduce the 
vibration amount when the number of fingers increases. By 
adopting such a configuration, a more intuitive operation 
system is realized. 
0119. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design and other 
factors insofar as they are within the scope of the appended 
claims or the equivalents thereof. 
0120 In the above description, a touch panel is assumed as 
an input means of the user, but the scope of technology 
according to the present embodiment is not limited to this. For 
example, the technology according to the present embodi 
ment can be applied to a device combining a display device 
Such as a display and an input device Such as a touchpad. In 
this case, the display device does not vibrate and instead, the 
touchpad alone or the whole cabinet including the touchpad 
and the display device is configured to vibrate. Further, the 
form in which an object is operated by a user using a finger is 
assumed in the above description, but the scope oftechnology 
according to the present embodiment is not limited to this. For 
example, instead of the finger, a stylus pen may be used. 
While the display mode of an object is not described in detail 
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in the above description, for example, graphics of an album 
jacket may be displayed as an object of music data. Further, a 
thumbnail image that reduces a photo and a scene of video 
may be displayed as the object of photo data or video data 
respectively. Thus, various modifications of the technology 
according to the present embodiment can be made. 
I0121 The present application contains subjected matter 
related to that disclosed in Japanese Priority Patent Applica 
tion.JP 2008-172408 filed in the Japan Patent Office on Jul. 1, 
2008, the entire contents of which is hereby incorporated by 
reference. 

What is claimed is: 
1. An information processing apparatus, comprising: 
a display control unit that moves a display position of an 

object in accordance with movement of a contact posi 
tion when the position in a screen where the object is 
displayed is contacted and moved; and 

a vibration control unit that vibrates the contact position 
with a vibration amount in accordance with a parameter 
amount of data associated with the object when the 
display position of the object moves. 

2. The information processing apparatus according to 
claim 1, wherein if the moving object comes into contact with 
another object displayed in the screen, the display control unit 
moves the other object and the moving object together, and 

the vibration control unit vibrates the contact position with 
the vibration amount in accordance with the total param 
eter amount of both objects moving together. 

3. The information processing apparatus according to 
claim 1, wherein the vibration control unit vibrates the con 
tact position with the vibration amount larger that that during 
movement of the object for only a predetermined period when 
the object starts to move. 

4. The information processing apparatus according to 
claim 3, wherein the vibration control unit vibrates the con 
tact position with the vibration amount larger than that when 
both objects move together for only a predetermined period 
after the moving object comes into contact with the other 
object. 

5. The information processing apparatus according to 
claim 2, wherein the parameter amount is a period from an 
acquisition time oran update time of data associated with the 
object until the time when the object starts to move, and 

the vibration control unit vibrates the contact position with 
an increasing vibration amount as the period becomes 
longer. 

6. The information processing apparatus according to 
claim 2, wherein the parameter amount is a data size of data 
associated with the object. 

7. The information processing apparatus according to 
claim 2, wherein the data is video data or music data, and 

the parameter amount is a reproduction time of data asso 
ciated with the object. 

8. The information processing apparatus according to 
claim 2, wherein the data is image data, and 

the parameter amount is the image size of data associated 
with the object. 

9. The information processing apparatus according to 
claim 2, wherein the data contains a plurality of pieces of 
content, and 

the parameter amount is a number of pieces of content 
contained in the data. 
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10. The information processing apparatus according to 
claim 1, wherein if a display Screen is touched by a finger and 
the display position of the object is moved, the vibration 
control unit changes the vibration amountinaccordance with 
a number of fingers brought into contact with the display 
SCC. 

11. The information processing apparatus according to 
claim 10, wherein the vibration control unit decreases the 
vibration amount when the number of fingers increases. 

12. A vibration control method in an information process 
ing apparatus, comprising the steps of: 
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exercising movement control of a display position of an 
object in accordance with movement of a contact posi 
tion when the position in a screen where the object is 
displayed is contacted and moved; and 

exercising control so that the contact position vibrates with 
a vibration amount in accordance with a parameter 
amount of data associated with the object when the 
movement control of the display position of the object is 
exercised. 


